Norwalk virus (NV) and Sapporo virus (SV) were approved as type species of the genus Norwalk-like viruses and the genus Sapporo-like viruses, respectively, within the family Caliciviridae. To clarify the importance of NV and SV as causes of gastroenteritis outbreaks in infants, stool samples obtained from 36 outbreaks of nonbacterial gastroenteritis that occurred during 1976-1995 in an infant home in Sapporo, Japan, were examined for diarrhea viruses using electron microscopy, enzyme immunoassays, reverse transcriptase-polymerase chain reaction (PCR), and sequencing of the PCR products. NV and SV were associated with 15 (42%) of the 36 outbreaks and were more prevalent than rotavirus (RV) A, which was associated with 10 (28%) of the 36 outbreaks. Our data indicate that NV and SV were the most common cause of outbreaks of viral gastroenteritis in infants and were indeed more prevalent than RV-A in Sapporo, Japan, during 1976-1995.
development of sensitive molecular techniques for detecting NV and SV and of a newly accepted classification strategy for viruses in the family Caliciviridae. Caliciviruses in animals and humans are now classified into 4 genera [3, 4] : vesivirus is represented by swine vesicular exanthema virus and feline calicivirus; lagovirus is represented by rabbit hemorrhagic disease virus and European brown hare syndrome virus; Norwalk-like viruses are represented by NV; and Sapporo-like viruses are represented by SV. On the basis of extensive worldwide genetic analysis in humans, most of the viruses previously designated as small round-structured viruses (SRSVs), genogroup I (GI) human calicivirus (represented by NV68), and genogroup II (GII) human calicivirus (represented by Snow Mountain virus) are now members of the genus Norwalk-like viruses [4] . In addition, most of the viruses previously known as classical human caliciviruses-so named because they were identified by electron microscopy (EM)-and genogroup III (GIII) human calicivirus (represented by SV82) are now members of the genus Sapporo-like viruses, on the basis of genetic analysis [5] . Because so many antigenic and genetic distinctions exist within both NV and SV, each species is further divided into several genogroups. NV is divided into 2 genogroups, GI and GII [6] , and is further divided into many clusters in each genogroup, whereas SV is divided into at least 3 genogroups, SV82 genogroup, London/92 genogroup, and Parkville virus (PV) genogroup [3, 7, 8] , on the basis of sequence differences. In this report, SV82 genogroup, London/92 genogroup, and PV genogroup were tentatively designated SV/GI, SV/GII, and SV/GIII, respectively. Stool samples obtained from infants during acute gastroenteritis outbreaks were analyzed for NV and SV using new, sensitive detection methods for SV (S.N., S.H., K.-K.N., K.K., and S.C., unpublished data) and using similar methods for NV/GI and NV/GII, as reported previously [6] , to clarify the prevalence of NV and SV gastroenteritis outbreak in infants.
Materials and Methods
Outbreaks. Thirty-six outbreaks of nonbacterial gastroenteritis occurred in an infant home-in which the residents were infants !2 years old-in Sapporo, Japan, between 1976 and 1995. The capacity of the home was 60 infants, but the actual number of residents was normally 40-50 infants. An outbreak was defined as the occurrence of acute gastroenteritis among у10 infants within a 2-week period with evidence of person-to-person spread of the infection.
Stool samples. Stool samples were collected during each outbreak from patients with acute gastroenteritis; samples were stored at Ϫ70ЊC or Ϫ20ЊC until use. During each outbreak, stool specimens from у10 patients who had acute gastroenteritis were examined for viruses. Stool suspensions (∼10%) were prepared in 10 mM PBS (pH, 7.4), then extracted with trichlorofluoroethane (Diflon; Daikin Kogyo, Osaka, Japan) and clarified by centrifugation at 7000 g for 20 min. The aqueous phase was examined for gastroenteritis viruses.
Detection of RV-A, enteric adenoviruses, and AstVs. Initially, all stool samples were examined, using direct EM, for the presence of any virus. Examination was then performed for RV-A, enteric adenovirus types 40 and 41, AstV, NV, and SV. A commercial latex agglutination kit (Rotalex; Tokyo, Japan) was used, according to the manufacturer's instructions, to detect RV-A. For detection of enteric adenoviruses, we used EIA with monoclonal antibodies to either type 40 or type 41 adenovirus. Reverse transcriptasepolymerase chain reaction (RT-PCR) was performed for detection of AstV, as described elsewhere [9] .
RT-PCR, Southern hybridization and chemiluminescence detection, and nucleotide sequence analysis for NV and SV. RT-PCR was performed by using 3 primer sets (G-1, G-2, and SV) for detecting the genome in the RNA-dependent RNA polymerase (RDRP) region of NV and SV, as described elsewhere [6, 10] , and the primers were designated accordingly. For sequencing, RT-PCR amplification products were purified from agarose gels by binding them to a silica matrix (Geneclean, BIO 101, Carlsbad, CA), according to the manufacturer's instructions. The DNA sequence was determined using an ABI PRIZM 310 automated sequencer and a dye terminator cycle sequencing FS ready reaction kit (PE Biosystems, Foster City, CA).
Results

Detection and classification of NV and SV.
Stool samples collected before 1981 were not examined by EIA and RT-PCR, because the samples are no longer available. Two outbreaks that occurred in 1977 (SN77O) and 1979 (SN79AU) were considered to be caused by SV on the basis of a classical calicivirus morphology determined using EM and on the basis of a positive reaction by immune EM using sera containing antibodies against SV82. SRSVs were detected, using EM, in 2 outbreaks that occurred in December 1979 (SN79D) and May 1980 (SN80MY). The results of NV and SV detection and classification by RT-PCR and sequencing of the PCR products are shown in table 1. NV or SV or both were detected in 11 outbreaks for which stool samples were still available; 4 outbreaks were classified as SV/GI, 6 as NV/GII, and 1 as a mixed infection of NV/GII and SV/GI.
The percent nucleic acid identity in the RDRP region between the outbreak strains and the representative strains of NV and SV. Nucleic acid identity in the RDRP region between 5 outbreak strains of SV and the representative strains of NV/ GI, NV/GII, SV/GI, SV/GII, and SV/GIII is shown in table 2. All strains from the outbreaks of gastroenteritis that were attributable to SV were most closely related to SV/GI (SV82 genogroup), with 80%-96% nucleic acid identity, and were distinct from SV/GII (London/92 genogroup) and SV/GIII (PV genogroup), on the basis of 63% and 72% nucleic acid identity, respectively. SV-related strains showed only 34% and 43% nucleic acid identity with NV/GI and NV/GII, respectively. Table 2 shows nucleic acid identity in the RDRP region between the outbreak strains of NV/GII and the representative strains of NV/GI, NV/GII, and SV/GI. Three of 7 strains were most closely related to Lordsdale virus, with 93%-96% nucleic acid identity; 1 strain was related to Hawaii virus, with 90% nucleic acid identity; and another strain was related to Mexico virus, with 96% nucleic acid identity. Two strains obtained from the outbreak in June 1988 (SN88JN) and the outbreak in January 1989 (SN89JA) were close to NV/GII, with 70% and 75% nucleic acid identity, respectively. These 7 strains had 56% and 67% nucleic acid identity with NV/GI and 33% and 43% nucleic acid identity with SV/GI, respectively.
Frequency of viruses detected in 36 outbreaks of infantile gastroenteritis. The frequency of viruses associated with 36 outbreaks of gastroenteritis in an infant home in Sapporo during 1976-1995 is summarized in table 1. RV-A was detected in 10 (28%) of 36 outbreaks, and one of these outbreaks comprised a mixed infection with AstV. NV or SV or both were detected in 15 (42%) of 36 outbreaks, and 2 of the outbreaks comprised a mixed infection with AstV or enteric adenoviruses. Enteric adenoviruses were detected in 3 outbreaks (8%); 1 outbreak comprised a mixed infection with NV. AstV was detected in 2 outbreaks (6%), only in conjunction with RV-A or SV/GI. Outbreaks of NV and SV gastroenteritis in an infant home in Sapporo occurred almost every year, and no clear seasonal pattern of disease was found. In contrast, gastroenteritis outbreaks attributable to RV-A occurred between October and April, mostly from December to March.
Discussion
Our results indicate that NV and SV were the most common causes of outbreaks of viral gastroenteritis in infants !2 years old, and these viruses were more prevalent than was RV-A over the course of a 19-year period in an infant home in Sapporo. Although RV-A is currently the most common cause of gastroenteritis in infants [1] , NV and SV could be the most prevalent causes in a given setting or geographical location. The application of molecular techniques has improved the rate of detection of NV and SV and may elucidate the clinical importance of infections with these viruses in infants.
There is a discrepancy between the high prevalence of antibody to NV and SV and the low detection rate of NV and SV antigens in many countries [11, 12] . Several explanations have been suggested for this discrepancy (e.g., NV-and SV-associated gastroenteritis may be mild and may not require a visit to a clinic, stool samples may not have been examined for viruses, or the practical detection methods for a broader range of NV and SV may not have been available). Our data indicate that the number of NV-and SV-associated gastroenteritis episodes in infants may be underestimated, mainly because of the lack of adequate detection methods, especially for SV.
Analysis of NV and SV in a large number of stool samples from sporadic cases may be more difficult, because the molecular techniques, which at this time are the most reliable methods for detection of NV and SV, are not practical and are too expensive for testing large numbers of stool samples. Therefore, epidemiological studies of sporadic NV and SV gastroenteritis have usually been limited to the samples containing SRSVs, as determined by EM [13, 14] , so that the actual relative frequency of NV and SV in gastroenteritis in an outpatient setting has not been determined. To our knowledge, there is only 1 largescale epidemiological study that used molecular techniques to detect NV and SV in sporadic gastroenteritis; the researchers showed an extremely high prevalence, in Finland, of NV and SV among sporadic cases involving children !3 years old [15] . Their findings also indicate the importance of NV and SV in sporadic gastroenteritis in infants.
Epidemiological studies indicate that NV/GII strains predominate among gastroenteritis-associated viruses currently detected in many countries, including Japan, Canada, the United States, the United Kingdom, Australia, South Africa, and Finland [7, [13] [14] [15] [16] . In some studies, viruses in NV/GI and SV were detected relatively rarely; in others, SV was not a target for detection. Our study showed a high prevalence of viruses in SV (19%), which was the same as the prevalence of NV/GII (19%) and which was second in terms of its prevalence, following RV-A (28%). Reexamination, using our methods, of the stool samples collected in the above studies may be worthwhile, especially for the samples collected from children. NV/GI was not detected in the outbreaks of infantile gastroenteritis in Sapporo. These findings are not surprising, because of the seroepidemiological data on NV/GI, NV/GII, and SV/GI in Sapporo. The acquisition of serum antibody to NV/GII and SV/ GI started at a younger age [11] than did acquisition of serum antibody to NV/GI, which appeared in school-aged children or young adults [17] . All of the 5 SV strains detected in Sapporo were classified as SV/GI (SV82 genogroup), and there were no strains of SV/GII (London/92 genogroup) and SV/GIII (PV genogroup). These results are similar to findings obtained in other parts of the world [13, 16] , and they indicate that SV/GI may be the most prevalent strain among SVs in infants throughout the world.
Our data showed no clear seasonal pattern of gastroenteritis outbreaks associated with NV and SV in infants. In contrast, the gastroenteritis outbreaks attributable to RV-A mainly occur in the winter periods. Several studies in Japan, the United Kingdom, and Canada showed that detection of NV and SV was prevalent in the winter period [14] , whereas it was prevalent in the spring in Australia [13] ; constant detection of SV/GI was observed in Kenya, without regard to season [12] . NV-and SVrelated gastroenteritis can occur throughout the year. Further studies using new detection methods for SV, combined with those methods used for NV, may elucidate the impact of NV and SV gastroenteritis in infants all over the world.
